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Electricity is an indispensable service for people and having access to 
electricity for everyone is an essential and significant livelihood project. In 
China, almost 99% of the total population has access to electricity. 
Approximately 36 million people’s electricity usage problem has been solved 
since 1998. The resolution approaches are to implement and extend the 
construction and transformation of rural power grid and national grid coverage. 
In 2006, the Chinese government invested about 4 billion dollars to implement 
the power construction projects and then 7 million people’s electricity usage 
problems were solved by the end of 2012.  
 
However, there are still more than 3 million people who do not have access to 
electricity. These people are extensively distributed in rural areas where it is 
difficult to extend the national and state grids due to high financial investment 
in constructing the grid. Most importantly, some of these areas do not have 
abundant renewable energy resources. It is not realistic to purely utilize 
renewable energy to solve the electricity usage issue in these areas. Therefore, 
hybrid stand-alone power supply systems (SAPS) tend to be a reliable 
operation to solve the electricity problem in off-grid areas. 
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In this dissertation, the feasibility of utilizing a hybrid SAPS system is 
elaborated to solve the electricity usage issue in off-grid areas. Hybrid SAPS 
systems researched in this project consists of PV modules, diesel generators, 
batteries, system controllers and regulators. The feasibility evaluation is based 
on four aspects: technical, environmental, economic and social. The project 
mainly focuses on off-grid villages and households in three provinces: 
Qinghai, Gansu and Xinjiang. The main method involved in this research is 
online and literature searching. The primary finding of this research is that 
hybrid SAPS system can be extensively used in remote areas in three targeted 
provinces, but the size and operating period of PV modules, diesel generators, 
batters and inverters is different in each villages and households. Moreover, 
living standard can be improved after system installation. It is recommended 
that diesel generators are required to be operated during extreme weather in 
three provinces. It is also recommended that large size batteries are required in 
areas with abundant solar resource because PV modules can produce more 
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1.1 Project aims and objectives 
The key objective for this project is to evaluate the feasibility of hybrid 
stand-alone power supply (SAPS) systems, including Photovoltaic (PV) 
modules and diesel generators used in the following provinces of China: 
Qinghai, Xinjiang and Gansu. Those three provinces are mainly located in the 
central and northwest of China, where the cost of national and state grid 
expansion is too high and the natural conditions in those areas are not suitable 
for grid expansion. Moreover, it is plausible to utilize renewable energy 
resources, especially the solar resource, because those areas are accessible to 
the solar resource. In this case, one of aims of this project is to assess the solar 
resource and then evaluate the feasibility of hybrid SAPS systems used in those 
areas. The feasibility evaluation includes electricity demand satisfaction and 
financial and policy support for the system installation. Besides that, the 
project aims to investigate the economic, social and environmental 
circumstances in those regions. Finally, the project evaluates the sustainability 
after the installation of a hybrid SAPS system and compares the hybrid SAPS 
systems used in three provinces.  
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1.2 Description of each section 
In the first section, the project elaborates the technical aspect of a hybrid SAPS 
system including energy generation component, energy storage component and 
energy conversion and control components. The energy generation 
components consist of PV modules and a diesel generator. The energy storage 
component is a lead-acid battery or sealed battery. The energy conversion and 
control components include inverter, controller and battery charger. That 
section is followed by the introduction of the economic, social, environmental 
and political impacts of system installation. In the second section, there is an 
overview related to the off-grid area of China, which includes the background 
of China energy structure, distribution and location of off-grid areas, economic 
development in off-grid regions, environmental and geographical conditions in 
off-grid areas and social and cultural descriptions of off-grid regions. In the 
third and also the main part, the project evaluates the feasibility of hybrid SAPS 
system usage to solve electricity problems in three provinces: Qinghai, 
Xinjiang and Gansu. The reason why these three provinces are chosen is that 
off-grid areas are mainly located in those three provinces. Moreover, these 
places have access to renewable energy resources, but questions are raised, 
such as: 
 Whether these renewable energy resources are adequate and reliable to 
solve the problem 24 hours per day, 7 days per week and 365 days per year? 
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 Is there still a need to install diesel generators as backup for the shortage of 
renewable energy resources? 
 Is it possible to use hybrid SAPS systems to solve the electricity problem? 
The answers to those questions are investigated in the third and main part of the 
project. 
 
The third section includes separate introductions and descriptions of each 
province with the following aspects:  
 Introduction of the basic background of that province including province 
location, population, and economic development 
 Solar resource in that province 
 PV projects in that province 
 Distribution of off-grid villages and households in that province 
 Estimation of electricity demand in off-grid villages and households 
 Sustainability evaluation after installation of hybrid SAPS system in that 
province 
 
There is a comparison of above-mentioned provinces following the main part 
of the dissertation. The comparison is primarily related to the following points: 
 What is the same and what is the difference 
 How they can help each other  
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 Exchange of resources in the three provinces 
 Sharing of experience and technology 
Finally, a conclusion is drawn based on the whole dissertation.  
 
1.3 Research scope and methods 
The research will mainly focus on the data collection about solar resource and 
off-grid villages and households in target provinces. Following which, 
sustainability of hybrid SAPS system installation rather than technical 
evaluation only is evaluated. The basic questions this research addresses are: 
 What is the availability of solar resource? 
 What is the electricity demand in off-grid areas? 
 What is the number of off-grid villages and households? 
 Is it realistic and possible to use hybrid SAPS systems in off-grid areas? 
 
The methods used in the research are mainly desk-top research which is 
related to literature and online searching, data collection and data analysis, 
specifically: 
 Hybrid SAPS system technical description will be elaborated and 
identified through online and literature searching. 
 Basic background including economic development, environmental and 
social situations of off-grid areas will be demonstrated through online and 
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literature searching. The data collected mainly comes from government 
and state official websites and databases. 
 The data about solar resources will be collected through literature 
searching and China Meteorological Administration (CMA) wind and 
solar energy resource centre.  
 The next step will be related to the electricity demand evaluation and 
estimation about off-grid areas through databases of State Grid 
Corporation of China. 
 Finally, evaluation and analysis about the likelihood of installing hybrid 
SAPS systems will be developed according to the solar resource and 
electricity demand data collection.   
 
1.4 Dissertation limitation 
This research is limited to and developed without a field trip associated with 
the investigation of the local electricity demand. The solar resource data in 
some off-grid areas may not be accurate or may be missing. Those data will 
be extrapolated from the data of surrounding areas. The number of villages 
and households without electricity is based on old data because currently the 
exact number is dynamic and hard to find. Moreover, the electricity demand in 
each village and household is estimated because it is hard to evaluate the exact 
electricity demand. It is impossible to do a field trip and to evaluate the exact 
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electricity demand in each household. Villages and households have different 
numbers and sorts of appliances and therefore have different electricity 
demands. The estimation of that will assume each household has the most 
basic household appliances such as lights, TV and fridge. The research is 
based on Chinese off-grid areas and therefore is limited by available relevant 
and valuable English literature. Some references come from Chinese literature 
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2. Overview of hybrid SAPS system 





Figure 1: Example of hybrid SAPS system configuration 
Figure 1 describes the basic configuration of hybrid SAPS system. It can be 
seen that a hybrid SAPS system contains three components which are energy 
generation component, energy conversion and control component and energy 
storage component. Generally speaking, energy generation system includes 
renewable energy technologies such as PV modules, wind turbine or 
microhydro turbines as main power generation components. Diesel generators 
are used as backup to supply the power and charge the battery when 
renewable energy resources are not available. Energy control and conversion 
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equipment consists of system regulator and inverter. The system regulator is 
used to control the battery charge and the inverter to convert the direct current 
(DC) generated by batteries charged by renewable energy equipment to 
alternating current (AC) used for domestic appliances. 
 
2.1.1 Series system 
 
Source: http://www.acre.ee.unsw.edu.au/acrelab/design_guide/config_compare.htm#series 
Figure 2: Series hybrid SAPS system 
Primarily, there are three types of configuration in the design of hybrid SAPS 
systems. Figure 2 shows the configuration of a series system which is the 
simplest system. The main characteristic is that the inverter supplies the total 
AC load. In this case, it is necessary to choose a large size inverter because it 
has to supply the maximum demand (University of New South Wales, 2003). 
The power output from a diesel generator is fed into the battery charger and 
the electricity generated requires passing through the battery charger, battery 
and inverter so as to meet demand. The whole process undisputedly reduces 
the total efficiency of energy transmission due to component losses.  
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2.1.2 Switched system 
 
Source: http://www.acre.ee.unsw.edu.au/acrelab/design_guide/config_compare.htm#series 
Figure 3: Switched hybrid SAPS system 
Figure 3 shows the configuration of switched hybrid SAPS system. Its key 
characteristic is that the diesel generator can supply the power to both final 
consumer and battery charger. Compared with the series system, this design 
increases the total energy transmission efficiency because diesel generator can 
directly supply power to the load. Moreover, a larger rating inverter is not 
necessary because it may no longer supply the maximum load (University of 
New South Wales, 2003). However, the disadvantage of this system is that the 
final consumer may encounter a short period of ‘blackout’ resulting from the 
process of switching, because the load is disconnected from the energy supply 
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2.1.3 Parallel hybrid SAPS system 
 
Source: http://www.acre.ee.unsw.edu.au/acrelab/design_guide/config_compare.htm#series 
Figure 4: Parallel hybrid SAPS system 
Figure 4 shows the configuration of a parallel hybrid SAPS system. The key 
characteristic is that the system utilizes a bidirectional inverter which allows 
bidirectional power flow between battery to the load and diesel generator to 
the battery. The efficiency is similar to the switched system because the 
process of generator to the load fails to go through most of the system 
components. The advantage of this design is that the inverter does not need a 
large rating because both diesel generator and inverter can meet the load 
together. Moreover, final consumers will not encounter missing short-term 
power because the bidirectional inverter can ensure smooth and constant 
power supply. In this system, the excess power from the diesel generator can 
be used to charge the battery when the power supply exceeds the final demand 
(University of New South Wales, 2003). Therefore, based on the above 
statement, parallel systems tend to be the most suitable configuration for the 
hybrid SAPS system.  
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2.2 Technical characteristics 
2.2.1 Energy generation components 
 
Source: http://www.acre.ee.unsw.edu.au/acrelab/design_guide/components_pv.htm 
Figure 5: Example of PV module and PV cell 
The energy generation component generally consists of renewable energy 
equipment and a diesel generator. PV modules tend to be the most popular 
generation equipment in a hybrid SAPS system in China because the 
installation cost is cheaper with economics of scale and the capability of PV 
manufacturing is quite strong. Furthermore, PV modules can be installed in 
most conditions, while wind turbine and microhydro turbine require specific 
conditions such as the height of the wind turbine and water flow for the 
microhydro turbine, which is not compatible with most environments in the 
mentioned Chinese provinces. Some areas may have both abundant solar and 
wind resources. Therefore, they may utilize the combination of these two 
resources as the main power supply source so as to avoid the shortage of 
renewable energy resource and acquire stable power supply. However, some 
regions do not have abundant renewable energy resource. Hence, it is 
necessary to utilize the combination of renewable energy equipment and 
diesel generators in order to obtain reliable and robust power.  
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Figure 6: Example of diesel generator set 
Diesel generators are an indispensable part in a hybrid SAPS system, which 
can be designed from small to large units based on the load requirement. 
Some diesel generators can produce DC current used for battery charge. Most 
commonly, diesel generator generates AC electricity used to directly supply 
the load. The characteristic of a diesel generator is that it will have lower 
efficiency if it operates at lower load. It means that it will cause significant 
maintenance if a diesel generator keeps operating at low load for a longer time. 
In a general remote area power supply system, diesel generators are only used 
to supply the entire load all the time. In this case, it is quite common that it 
has to run at lower load at specific times, which causes lower working 
efficiency. However, in a hybrid SAPS system, diesel generators can only be 
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operated at high load and renewable energy components operate at relatively 
lower loads with prudent system design. Hence, it can increase the efficiency 
of diesel generators while reducing its fuel consumption.  
 
2.2.2 Energy conversion and control components 
 
Source: http://www.acre.ee.unsw.edu.au/acrelab/design_guide/components_in.htm 
Figure 7: Example of regulator and inverter 
The energy conversion and control equipment includes system regulator and 
inverter. The system regulator is the energy control equipment in a hybrid 
SAPS system. Its role is to control the amount of charge from energy 
generation equipment. A system controller can also directly connect to 
domestic appliances and at the same time keep charging the battery. The size 
of the system regulator depends on the sum of amp ratings of all renewable 
energy generation equipment. In order to avoid the cost of additional 
renewable energy installations added in the future, the system regulator can be 
designed and rated as high as possible. The inverter is an important 
component for hybrid SAPS system. It is used to convert the DC output from 
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battery charged by renewable energy equipment into AC output which can be 
fed into domestic households. The size of the inverter depends on the peak 
load in that season. It is also recommended to install a relatively larger size for 
the system in order to be compatible with the increase of peak load in the 
immediate future. 
 
2.2.3 Energy storage component 
 
Source: http://www.acre.ee.unsw.edu.au/acrelab/design_guide/components_batt.htm 
Figure 8: Example of battery 
 
Source: http://www.shorehamsolar.com.au/standalone-solar-power-systems.php 
Figure 9: Example of battery bank in a SAPS system 
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The basic energy storage component is the battery, which is an indispensable 
segment in a hybrid SAPS system. It can stabilize the short-time fluctuation in 
the system so as to provide fluent power supply for households. However, the 
battery is the most vulnerable component in the system and the available 
capacity gradually becomes smaller and smaller over time. Moreover, the 
design for battery bank is a skilled job which is generally a balance between 
battery sizes and hence the battery life cycle, which is highly dependent on the 
depth of discharge and the cycled frequency. In this case, the battery bank 
requires prudent design and careful maintenance in order to maintain a 
relatively longer lifespan. The lead-acid battery is the most common battery in 
hybrid SAPS system due to its lower initial cost and mature technology 
(University of New South Wales, 2003). Sealed deep cycle lead-acid tends to 
be the most appropriate battery for off-grid and remote areas because they are 
maintenance free. It can be installed in any position because they rarely spill 
and freeze (University of New South Wales, 2003). 
 
2.2.4 Energy output of hybrid SAPS system 
The energy output of a hybrid SAPS system entirely relies on the system 
design. There are various factors influencing the system design and layout 
such as renewable energy resources, local electricity demand, consumers’ 
behaviour and so forth. For example, the renewable energy resource in some 
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regions is available during most of the year. In this case, the diesel generators 
may work for only a few hours per day through system design. Most of 
electricity can be generated through renewable energy installations. However, 
some regions may have continuous higher load for a specific period of the day 
on a yearly basis. In terms of this situation, a diesel generator can be designed 
to work during the high load time because it has higher efficiency during the 
operation of high load. For solar systems, each PV module is rated on the 
peak electrical output under specific test circumstances. For example, an 
85Wp PV module can generate 85 watts electrical output under its specific 
test circumstances. The size of PV modules is generally from 5Wp to 200Wp 
(Energy Efficiency and Conservation Authority 2014). Moreover, a PV 
module installed in a location with good solar resource can produce 2.5~5 
times its rated power output. For example, 2kWp PV array can generate 
5~10kWh electrical output per day, which is equivalent to 1825~3650kWh 
annually.  
 
2.2.5 Life expectancy of SAPS components 
The current commercial PV modules in the market can guarantee at least 20 
years’ usage. The typical lead acid battery used in hybrid SAPS system spans 
from 3 to 5 years, which depends on the charging and discharging cycle, 
surrounding environment and other parameters. Both PV modules and battery 
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require careful maintenance and a relatively good operation environment, 
otherwise they cannot operate for a long period. The lifespan of a diesel 
generator is highly dependent on the number of operating hours per day. If a 
diesel generator keeps supplying the continuous low and base load, it will be 
utilized only around 3 to 5 years. If a diesel generator is only operated as a 
backup power resource, it can be utilized for at least 25 to 30 years. In terms 
of the life expectancy of inverter and system regulator, a good quality inverter 
and system regulator can be operated for 10 years.  
 
2.2.6 Maintenance of each component 
In terms of PV array maintenance, the most common task is to clean the 
build-up of dirt on the surface of the PV module. Generally speaking, the 
cleaning of the PV array relies on natural rain. According to the Australian 
Business Council for Sustainable Energy (BCSE), in most circumstances, 
anthropogenic cleaning is needed only as a result of long dry periods (BCSE 
2003, 11). The process of cleaning PV modules is like that of glass cleaning, 
which utilizes the water to wash the module’s surface. Warm water and 
sponge will be used to wash the PV modules if they have a thick build-up of 
dirt or grime (BCSE 2003, 11). It is necessary to do a visual inspection, which 
involves defect-checking, including cracks, chips and discolouration, on the 
modules after the cleaning of the modules has been finished (BCSE 2003, 11). 
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Moreover, the PV array installation frame also requires checking during the 
inspection in order to ensure the frame is secure especially for those PV arrays 
installed on the roof (BCSE 2003, 11).  
 
The maintenance of the diesel generator normally involves regular checks of 
diesel fuel levels. The fuel tank requires topping up as needed. Moreover, 
regular fuel and oil filter changes are also required in an appropriate system 
operation period (BCSE 2003, 12). It is essential to install an AC voltage 
meter on the output in order to monitor the output voltage generated by the 
diesel generator. The purpose of this design is to avoid the household 
appliances being damaged by an excess or shortage of typical voltage (240V) 
generated by diesel generators or excess or insufficient appropriate speed 
operated by diesel gensets (BCSE 2003, 12).  
 
The battery bank maintenance normally involves checking the electrolyte 
condition, correction of charging regimes, battery terminals and entire battery 
safety (BCSE 2003, 16). It is essential to visually inspect the battery bank. 
The inspection should include the following items:  
 cleanliness of batteries; 
 quality and quantity of electrolyte; 
 condition of battery terminals; 
PEC624 Master of Science in Renewable Energy Dissertation                          Daixi Song 
Evaluating the Feasibility of Hybrid SAPS Systems Extensively Applied in Off-grid Areas of China 
19 
 leaking or overfilling from battery;  
 integrity of battery containers; 
 normal voltage. 
Table 1: Typical battery voltage levels 
 
Source: http://www.rpc.com.au/pdf/Solar%20PV%20Maintenance.pdf 
The standard for checking of the battery voltage could follow the content of 
Table 1. It shows the nominal voltage levels and indicates the situation of state 
of charge for flooded wet-cell batteries at the temperature of 25
o
C (BCSE 
2003, 17). Correction will be required based on battery specifications if the 
temperature is higher or lower than 25
o
C. Notice must be taken that it is vital 
to shut the system down and disconnect all energy generation components 
before beginning maintenance of the battery, in order to ensure safety during 
maintenance. In addition, it is essential to check the ventilation situation 
around the battery bank and to keep the correct ventilation system operational 
(BCSE 2003, 18). Maintenance of battery bank is the most prudent task 
during the entire maintenance process of the system. People need to be 
extremely scrupulous in conducting battery maintenance.  
 
PEC624 Master of Science in Renewable Energy Dissertation                          Daixi Song 
Evaluating the Feasibility of Hybrid SAPS Systems Extensively Applied in Off-grid Areas of China 
20 
In terms of inverter maintenance, checking must occur to ensure the inverter is 
operating correctly, through observing indicators or meters for various 
operating models. Moreover, the excess dirt must be removed with a dry cloth 
or brush during the inspection and vermin-infestation in the inverter must be 
removed (BCSE 2003, 23). The maintenance procedure of the system 
regulator is similar to that of the inverter. Inspection must ascertain whether 
the regulator is operating correctly or not via checking any indicators and 
metering for various models. Most importantly, check any loose wires on the 
connections because loose connections can result in hot joints and possible 
fire (BCSE 2003, 24). In addition, excess dust from the regulator is to be 
removed using a brush or dry cloth.  
 
Besides the maintenance of the main hybrid SAPS system components, the 
switchboards and system wiring also need maintenance checking. Generally 
speaking, a correctly installed switchboard does not need maintenance. 
However, the maintenance of system wiring needs to involve checking of any 
breaks and damage. Moreover, any signs of corrosion or burning require 
inspection. The maintenance of a hybrid SAPS system is a necessary 
precaution and each part of the system requires checking carefully.  
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2.3 Economic characteristics 
2.3.1 Economic estimation  
The cost of using PV modules mainly depends on four factors which are 
electricity consumption, material of PV cell, solar resource in system installed 
location and government subsidies. Specifically, the number of PV modules 
used is dependent on power consumption. The more energy is consumed, the 
more PV modules are required to be installed. It will be necessary to install a 
larger rating diesel generator as backup to energy generation equipment if the 
energy consumption is too high to be satisfied by PV modules. In terms of the 
material of PV cells, there are two main materials used for PV cells in the 
current market. These are monocrystalline silicon and polycrystalline silicon. 
PV modules which are made of polycrystalline silicon have a lower price, but 
the efficiency is also lower. Monocrystalline silicon PV modules have higher 
efficiency in relation to their higher price. The material selection depends on 
the consumers’ requirements. In addition, the abundance of solar as a resource 
also influences the cost of PV modules. For example, more PV modules will 
be required to generate adequate power to meet the load if a region’s solar 
resource is not abundant and fewer PV modules are required if the solar 
resource is abundant. 
 
In terms of the total cost of the entire system, there are three main factors 
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influencing the total cost, these are, power consumption, solar resource and 
government subsidies. For example, if a region has higher power consumption 
and lower solar resource, it will probably need more PV modules or a larger 
rating diesel generator. Correspondingly, if a region has moderate or lower 
energy consumption, it will require fewer PV modules and a small rating 
diesel generator, perhaps not even a diesel generator. In terms of government 
subsidies, the development of renewable energy in China is greatly 
encouraged by national and state governments. However, the state 
government subsidies for renewable energy projects are various because it 
depends on the state’s economic development. Therefore, the total cost of the 
entire system is also influenced by government subsidies. Typically, a 
household with typical energy consumption will require AUD$2,500 for PV 
modules having a lifespan of 20 years. AUD$1,000 dollar is required for a 
lead-acid battery which has a lifespan from 3 to 5 years. The inverter and 
other cables will cost around AUD$5,000. Finally, the maintenance fee 
including replacement fee for 20 years is around AUD$5,000. The total 
installation and maintenance cost is more than AUD$10,000, which is hard to 
afford for rural households.  
 
2.3.2 Economic benefits of hybrid SAPS systems 
It is obvious that hybrid SAPS systems can create many job opportunities for 
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local communities. Specifically, hybrid SAPS systems can produce job 
chances for system construction and system operation and maintenance (IEA 
2012, 31). In addition, wide implementation of hybrid SAPS systems can also 
create jobs for system component manufacturing and assembly jobs (IEA 
2012, 31). Moreover, with the installation of a hybrid SAPS system, local 
people have access to electricity and other energy services and therefore, they 
can run their own business and make money for their families. In that case, 
local government could obtain revenue from those people who own and run a 
business.  
 
2.4 Social impact of hybrid SAPS systems 
In terms of social impact, with the installation of a hybrid SAPS system, local 
people have the opportunity to enjoy the convenience resulting from energy 
services. They can utilize electricity to run their own business and make 
money, as people do in the city. Children have access to light so they can 
study at night. Moreover, people have access to relatively advanced 
technologies which broaden their horizons. With access of electricity, they can 
use various household appliances such as TV, refrigerator, fan, heater and so 
forth. In fact, the implementation of a hybrid SAPS system narrows the 
disparity between cities and remote areas (Akella, Saini and Sharma 2009, 
390).  
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2.5 Environmental impact of hybrid SAPS systems 
It is evident that PV modules can produce electricity in a clean way compared 
with traditional approaches of electricity generation, which involve the 
combustion of fossil fuel and great emission of air pollution. The land usage 
for hybrid SAPS systems is quite small and efficient. Although the diesel 
generator generates carbon dioxide, the quantity of that is quite low. Moreover, 
it is not necessary and essential to use a diesel generator in regions where 
there is abundant solar resource and electricity generated by PV modules is 
adequate to meet the load and charge the batteries. Hence, the usage of diesel 
generators in hybrid SAPS system can be significantly limited. Regarding the 
environmental impact, waste battery and PV module disposal must be 
carefully and prudently managed in order to avoid contamination from toxic 
matter to the land and water.  
 
2.6 Policy support for hybrid SAPS systems 
The Chinese government always supports and encourages the development of 
renewable energy projects. In order to increase the construction speed of 
energy livelihood projects and improve the energy service level, the National 
Energy Administration (NEA) has formulated a three-year plan to solve the 
electricity shortage problems in off-grid areas (NEA 2014). Moreover, the 
national government will invest 5 billion dollars and construct 583 projects to 
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deal with the electricity shortage problem in off-grid areas (NEA 2014). Most 
of the national electricity generation companies will be responsible for the 
construction of projects.  
 
2.7 Necessity of installation of SAPS system in China 
It is most necessary to implement SAPS in China for the reason that, firstly, 
the implementation of SAPS systems can reduce the emission of carbon 
dioxide and improve the environment in China. Secondly, there are about two 
million people without access to electricity. Those people are widely 
distributed in the west of China, where the poor natural conditions and 
economic development fail to allow extension of the grid. In this case, the 
implementation of a hybrid SAPS system tends to be the solution to the 
electricity shortage problem in those regions. Finally, the development of a 
SAPS system is a trend for remote area around the world. China needs to 
capture this opportunity and obtain valuable experience through international 
communication in order to improve the construction, operation and 
maintenance of SAPS systems, and thereby providing satisfactory energy 
service for remote and rural areas.  
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3. Overview of off-grid area in China 
3.1 Background of China’s energy structure 
3.1.1 Total primary energy production 
With the most population and with a rapidly growing economy, China 
currently is the largest energy producer and consumer in the world (EIA 2014). 
The total primary energy supply (TPES) has reached 2727.73 million tonnes 
of oil equivalent (Mtoe) and the total primary energy production (TPEP) has 
reached 2432.5Mtoe in 2011 (IEA 2012).  
 
Source: Lawrence Berkeley National Laboratory (LBNL) 
Figure 10: Growth of China’s total primary energy production by source 
(1950-2010) 
Figure 10 indicates that the TPEP has been increasing rapidly since 2000 
(LBNL 2012). The production of coal increased dramatically between 1950 
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and 2012, and takes up roughly 90% of TPEP (LBNL 2012). The production 
of oil has been steady since 1980. As the oil demand has exceeded domestic 
oil production, oil imports have risen substantially over the past decade and 
reached a record high in 2013 (EIA 2014). The production of natural gas and 
nuclear energy increased slowly in those years, occupying quite a small 
proportion of TPEP. In terms of renewable energy, most of renewable energy 
production comes from hydro power. Other types of renewable energy such as 
solar energy and wind energy only produce very small amounts of TPEP.  
 
3.1.2 Total energy consumption 
 
Source: U.S. Energy Information Administration International Energy Statistics  
Figure 11: Total primary energy consumption (TPEC) in China by type 
Figure 11 indicates the total energy consumption by source in China. It is 
evident that coal plays a vital role in TPEC because its consumption occupies 
about 70% of TPEC, followed by the oil consumption which takes up almost 
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20%. The consumption of natural gas accounts for only 4% of TPEC. It can be 
seen that the consumption of traditional energy including coal, oil and gas 
occupies more than 90% of TPEC. That explains why air pollution is 
significant in China, and the Chinese government is paying more attention to 
supporting and encouraging the development of renewable energy.  
 
3.1.3 Electricity generation by source 
 
Source: http://www.iea.org/stats/WebGraphs/CHINA2.pdf 
Figure 12: Electricity generation by fuel in China 
Figure 12 indicates the electricity generation by fuel type in 2011 in China. It 
is obvious that most of the electricity is produced through the processing of 
fossil fuels including coal and natural gas (IEA 2013). Total electricity 
generated from coal and natural gas is around 3.7 million GWh and 84,022 
GWh, respectively in 2011 (IEA 2011). Roughly 20% of electricity is 
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generated by hydropower and the remaining electricity is produced through 
other renewable energies and nuclear power, which in total occupies less than 
10%.  
 
3.1.4 Solar resource  
 
Source: CMA wind and solar energy resources center 
Figure 13: Solar resource distribution in China (MJ/m
2
 year) 
Figure 13 indicates the solar resource distribution in China. It can be easily 
seen that solar resources are abundant in western and northern parts of China 
(Zeng, Li and Zhou 2013, 40). The highest solar resource is distributed mainly 
in the west of the Tibetan region which is more than 9250MJ/m
2
 year. It seems 
that the solar resource in this region is adequate to install a SAPS system 
without a diesel generator as backup. The solar resource in Xinjiang, Gansu 
and Inner Mongolia, which are shown in Figure 15, is less than that in Tibet, 
but is usable for the development of PV module projects with or without a 
diesel generator depending on the situation.  
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3.2 Distribution of off-grid areas in China  
 
Source: NASA-visible earth  
Figure 14: Earth lights 
 
Source: http://www.chinahighlights.com/map/china-provincial-map/ 
Figure 15: Map of China 
Figure 14 indicates the lights on Earth around the world. The lights in China 
have been highlighted. It is obvious that the lights are mainly distributed in 
the eastern coastal region of China, northeast of China and southeast coastal 
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areas of China. It implies that these areas have wide access to electricity, 
regardless of the method of electricity generation. However, darkness is 
broadly distributed in the western part of China, north-western part of China, 
southwest China and central west of China. It implies that most of these areas 
have no access to electricity. The reason why they have no electricity is that 
the national and state grid does not extend to those areas or they do not have 
SAPS systems. In relation to Figure 15, it can be seen that those areas mainly 
include the Qinghai-Tibet Plateau, the province of Xinjiang, Gansu, and 
Qinghai. Most of those areas have either no good natural conditions, suitable 
to extend the grid, or no developed economy. These circumstances tend to be 
the reason why they have no electricity during the last decades.  
 
3.3 Economic overview in off-grid areas 
The economic overview of off-grid areas focuses on three factors, namely, 
Gross Regional Product and Indices (GRPI), Per Capita Net Income of Rural 
Household by Region (PCNIRHR) and Basic Conditions of Rural Households 
of Eastern, Central, Western and North-Eastern Regions (BCRH). These data, 
provided by National Bureau of Statistics of China, specifically describe the 
economic situation of each province including off-grid areas. 
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Table 2: Gross Regional Product and Indices 
 
Source: National Bureau of Statistics of China (NBSC) 
Table 2 shows that the Gross Regional Product and Indices (GRPI) in off-grid 
regions, such as Qinghai and Gansu provinces, are much lower than that in 
relatively developed provinces located in eastern coastal regions, like the 
provinces of Jiangsu, Guangdong and Zhejiang. GRPI cannot exactly reflect 
the economic development situation because various factors are different in 
each province such as industrial structure, population and so forth.  
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Table 3: Per Capita Net Income of Rural Households by Region 
 
Source: National Bureau of Statistics of China  
Table 3 indicates that off-grid regions have low PCNIRHR. For example, the 
PCNIRHR in Gansu province is only 3424.65 yuan per year which is around 
600 Australian dollars per year and the PCNIRHR in Qinghai province is only 
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3862.68 yuan annually which is roughly 680 Australian dollars per year 
(NBSC 2012, 352). Hence, it can be inferred that off-grid regions have 
significantly lower income especially in rural households.  
 
Table 4: Basic Conditions of Rural Households of Eastern, Central, Western 
and North-eastern Regions 
 
Source: National Bureau of Statistics of China 
Table 4 indicates the basic conditions of rural households of eastern, central, 
western and northeastern regions. It mainly includes average annual income 
per capita, annual expenditure per capita and average annual net income per 
capita (NBSC 2012, 358). It can be seen that the average annual income per 
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capita in eastern and north-eastern regions is far more than that in central and 
western regions. To be specific, the annual income can reach 10473.62 yuan 
which is around 1800 Australian dollars and 10921.82 yuan which is roughly 
1900 Australian dollars in eastern and northeastern regions respectively. 
However, the average annual income is only 7262.33 yuan that is about 1270 
Australian dollars and 6390.01 yuan which is around 1120 Australian dollars 
in central and western regions respectively. Therefore, it can be concluded that 
the economic situation of rural households in western and central is quite 
poor.  
 
3.4 Environmental and geographical conditions of off-grid area 
 
Source: http://www.economist.com/node/457567 
Figure 16: Map of West China 
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Based on previous statements, off-grid areas are primarily located in western 
China. Western China has complex terrain, less arable land and poor quality 
soil (Liu 2001, 144). Figure 16 shows the location of western China. The 
proportion of mountainous region is significantly high, which accounts for 
51.2% of the Qinghai-Tibet Plateau region. Permafrost and wilderness are 
extensively distributed in western China (Liu 2001, 145). Moreover, there is a 
large area of Gobi Desert and alpine steppe land. The arable land for growing 
is only 227.6 hectares, which is less than 10% of the land area of 
Qinghai-Tibet Plateau. In addition, the soil quality is very poor because it 
contains gravel and few organic substance which leads to the rough quality of 
the soil and poor anti-erosion ability (Liu 2001, 145). In this case, the 
traditional primary industries are difficult to develop and this results in poor 
economic situations in these areas. The sources of income of local people 
mainly come from small amount of income from non-agriculture, migrating 
outside the village for work and income from collective economics.  
 
In terms of the environment, rural households in western China have better air 
quality than other regions of China, probably because of the less-developed 
industry structure. The total volume of industrial waste gas emissions is 62 
million tons, 39 million tons and 93 million tons in the provinces of Gansu, 
Qinghai and Xinjiang respectively (National Bureau of Statistics and Ministry 
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of Environmental Protection 2012, 214). Compared with larger emitters like 
Hebei province (563 million tons) and Shandong province (438 million tons), 
the emission in those provinces is relatively low (National Bureau of Statistics 
and Ministry of Environmental Protection 2012, 214).  
 
Source: Ministry of Environmental Protection of The People’s Republic of China 
Figure 17: Proportion of industrial solid wastes discharged 
Figure 17 indicates disposal of industrial solid wastes. Large industrial solid 
waste emitters are distributed in west China, such as Xinjiang (about 0.6 
million tons), Chongqing (about 1.3 million tons) and Guizhou (about 0.6 
million tons) (National Bureau of Statistics and Ministry of Environmental 
Protection 2012, 216). These regions have abundant metal ore and coal, which 
results in large-scale mining and discharge.  
 
3.5 Social and cultural description  
In terms of literacy in the population, west China has a larger illiterate 












Industrial solid wastes discharged 
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and Qinghai Province are 8.69% and 10.23% respectively. There are more 
than 2 million people living in Gansu province. Moreover, the illiterate 
population exceeds 1 million in eight provinces in west China and the 
illiterate population in the three provinces exceeds 2 million. It can be inferred 
that the inequity of education resources exists throughout west China (NBSC 
2012, 102). In terms of population growth, the population increase has been 
significantly slow during recent years. Some provinces, particularly provinces 
in west China, even show a negative trend in population growth. The reason 
for this is probably because it is difficult for many young families to afford a 
child due to relatively low salaries and the higher Consumer Price Index (CPI). 
From the standpoint of village clinics, almost all of the villages have 
satisfactory hygienic conditions and medical care. 100% villages in most of 
the provinces in west China have their own clinics. Although the proportion of 
village with clinics cannot reach 100% in particular rural areas, the percentage 
can stay at least 95% (NBSC 2012, 102). In summary, children living in rural 
areas of west China probably fail to enjoy better education resources than that 
in cities and metropolitans. The government must formulate policy to solve 
the educational issue. However, it is good to know that most of the rural 
villages have satisfactory medical resources and clinics which give people 
access to a healthy body and hygienic conditions.  
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4. Feasibility of hybrid SAPS systems in three 
Chinese provinces 
4.1 Feasibility of hybrid SAPS system in Qinghai province 
4.1.1 Overview of Qinghai province 
 
Source: http://adventure4aid.wordpress.com/#jp-carousel-117 
Figure 18: Location of Qinghai province 
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Figure 19: Location of Qinghai-Tibet Plateau 
As indicated in Figure 18 and Figure 19, Qinghai province is located in the 
west of China and northeast of Qinghai-Tibet Plateau. Qinghai is one of the 
largest provinces in size. According to the Qinghai Statistical Information 
Network (QHSIN), the length from east to west is about 1200 km and the 
width from north to south is roughly 800 km (QHSIN 2013). However, it has 
the third-smallest population in China. The total population is around 5.4 
million which only accounts for 0.4% of the total population in China 
(QHSIN 2013). Although it has less population compared with the total 
population in China, it has fifty-three nationalities (QHSIN 2013). In terms of 
economic indicators, the gross province product is 180 billion yuan in 2012, 
which is around 30 billion Australian dollars (QHSIN 2013). The number of 
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employed people is 310 million and the unemployment rate is 3.4%. 
Compared with other provinces, the economic development is relatively poor.  
 




Figure 20: Global Horizontal Irradiation (GHI) in China mainlands. 
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Source: Y. Fang, Y. Wei/Renewable and Sustainable Energy Reviews 18 (2013) 508-518 
Figure 21: The spatial distribution of annual total radiation on the 
Qinghai-Tibet Plateau 
 
Source: Y. Fang, Y. Wei/Renewable and Sustainable Energy Reviews 18 (2013) 508-518 
Figure 22: The spatial distribution of annual sunshine hours on the Qinghai–
Tibet Plateau 
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As Figure 20 and Figure 21 indicate, Qinghai province has a relatively 
abundant solar resource. The average total solar radiation is around 6500MJ 
per square meter, which is equivalent to 1875kWh per square meter (Fang and 
Wei 2013, 511). West Qaidam Basin has the richest solar radiation which is 
more than 2100kWh per square meter, while the east of Qinghai has the least 
solar radiation and the sunlight hours are relatively low (Shi, Du and Ren 
2009, 15). Figure 22 indicates that eastern and south-eastern Qinghai have the 
lowest sunlight hours which are around 2000 hours per year, while the 
sunlight hours in northern Qinghai can reach 3250 hours (Fang and Wei 2013, 
511). It can be concluded that the north region of Qinghai is much more 
suitable for the development of PV projects.  
Table 5: Solar resource in particular cities of Qinghai province 
 
Source: Renewable Energy Based Chinese Un-electrified Region Electrification 
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Table 5 indicates solar resource in some cities of Qinghai province. The 
higher solar radiation appears during April to September. For example, 80% 
sunlight appears from April to September in Lenghu and 73% sunlight 
appears from April to September in Nuomuhong. The range of annual sunlight 
hours across the province are from 2314 to 3550 hours and the percentage of 
sunlight is from 53% to 80% (Shi, Du and Ren 2009, 15). Solar radiation is 
strong due to the high altitude and clean air quality. The average solar 
radiation is around 6500MJ per square meters. It is equivalent to 16 billion 
tons of coal which is about 32000kWh (Shi, Du and Ren 2009, 15). 
 
4.1.3 Development of PV projects in Qinghai 
Due to the support from the national government, Qinghai government has 
formulated their plan of comprehensive utilization of solar energy and 
construction of a ten million gigawatts solar power station in 2009 (Economic 
Information 2012). Qinghai has become the bellwether of the PV industry 
because of the realization regarding the abundant provincial solar resource, 
and early planning from the state government. In 2011, 42 PV power stations 
were proposed to be constructed and connected into the grid due to the 
significant price drop of domestic PV components in international markets 
and feed-in tariffs for solar power stations from the national government 
(Economic Information 2012). The total capacity of PV power stations 
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connecting into the grid is 1003MW and has operated steadily since April 
2012 (Economic Information 2012). According to Qinghai Power Company of 
the State Grid Corporation of China (SGCC), electricity generated by solar 
power had achieved 12.6 billion kWh by the end of 2012 (Economic 
Information 2012). Because of the relatively successful PV industry 
development, Qinghai Energy Bureau has approved another 42 PV projects 
which is equivalent to the capacity of 1000MW (Economic Information 2012). 
Therefore, the PV industry is continuing to develop faster in Qinghai 
province.  
 




Figure 23: Map of Qinghai  
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Table 6: Statistics of villages and households without electricity in Qinghai 
 
Source: Renewable Energy Based Chinese Un-electrified Region Electrification 
 
Figure 24: Proportion of No. of households without electricity 
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Qinghai province still had 45,486 households without electricity by 2007 
(China Power News Network 2009). Table 6 shows the specific number of 
villages and households in each city and the specific location of these cities 
are shown in Figure 23. It indicates that Yushu Tibetan Autonomous 
Prefecture has the most households without electricity, which occupies almost 
50% of total households without electricity as shown in Figure 24. Figure 25 
indicates that Yushu Tibetan Autonomous Prefecture and Guoluo Tibetan 
Autonomous Prefecture have the most villages without electricity. It can be 
concluded that solving the inaccessible electricity problem in Qinghai requires 
both Yushu Tibetan Autonomous Prefecture and Guoluo Tibetan Autonomous 
Prefecture having access to electricity in the first place.  
 
4.1.5 Electricity demand 
It is hard to evaluate the exact electricity demand in each village and 
household as there is no valid data about this. However, it is possible to 
estimate the approximate electricity demand based on the possible minimum 
and maximum load assumed. The minimum and maximum load can be 
estimated based on the assumption of the quantity of household appliances. 
For example, the minimum load can be estimated that each household only 
has lights available and the maximum load can be estimated that each 
household has various appliances such as lights, TV, fan, refrigerator and so 
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forth. Some households can afford some relatively larger energy consumption 
appliances because, firstly, the government has special subsidies for rural 
households purchasing appliances. Secondly, sons or daughters of owners of 
rural households work outside the village and make money. Thus, they can 
afford appliances for their parents.  
Table 7: Assumption of rural household daily load 
 
Table 7 shows the estimated daily electricity demand in rural households. The 
project assumes minimum load as only lights are available in rural households 
and the maximum load as various household appliances available such as TV, 
fan etc. It is impossible to get exact electricity demand in each household, but 
it is possible to obtain an approximate scope of electricity demand. 
 
4.1.6 Feasibility evaluation 
The feasibility evaluation of a hybrid SAPS system relies on total daily load 
assumed in a household. Due to the lack of data on different solar resources in 
each region, the feasibility of hybrid SAPS systems is evaluated using average 
solar resources in the whole province. Based on the calculation attached in 
Appendix B, only one 64Wp PV module and one 12V battery are adequate to 
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provide the power for a household which only has lights available. Eighteen 
64Wp PV modules and a 24V battery are required to meet the energy 
consumption for households having various appliances. It is worth mentioning 
that the calculation is based on good and clear weather when the solar 
resource is completely available. It still requires operating one 1kW diesel 
generator at night or in extreme weather or in the winter.  
 
The technical feasibility is not the biggest issue. Hybrid SAPS system can 
meet the energy consumption in rural households with abundant solar 
resources and prudent design. The biggest issue is that rural households 
cannot afford the system. The current annual income for rural households in 
Qinghai is only roughly 650 dollars, which is far less than the system cost 
(Natural Bureau of Statistics of China 2011, 352). Therefore, support from the 
national government is the primary driver to solve this economic issue.  
 
The Chinese government always considers having access to electricity as the 
basic factor of livelihood. It invests 5 billion dollars in the way of national 
budget appropriation, Treasury bond investment and international aid in order 
to solve the electricity problems in off-grid rural areas in China (NEA 2014). 
Provincial governments are liable to pay the maintenance fee of renewable 
energy projects (NEA 2014). Qinghai branch of the State Grid Corporation of 
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China invests 0.15 billion dollars for construction of electric projects (Xinhua 
Network 2014). Moreover, NEA enacts policies and decrees of the 
construction of relevant projects to national energy companies in order to 
accelerate the process of problem solution. Therefore, hybrid SAPS systems 
are economically feasible in Qinghai province.  
 
In terms of environmental feasibility, the installation of hybrid SAPS systems 
utilizes renewable energy as main power generation resource rather than fossil 
fuels. Although diesel generators burn diesel to generate electricity, the carbon 
dioxide generated is significantly small, especially diesel generators only 
operate for a few hours.  
 
Qinghai has relatively serious issue of blowing sand and dust weather 
resulting from Gobi Desert in spring and autumn (Qinghai Government 2013). 
The appearance of sand and dust could negatively influence the efficiency of 
PV modules and bring difficulty to the system maintenance. Especially 
serious is, windy weather. The wind can blow screes which could damage PV 
modules (Qinghai Government 2013). In this case, PV modules require 
careful and frequent maintenance. Running diesel generators in spring and 
autumn is an option in this situation.  
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In terms of social feasibility, with access to electricity, people in the village 
can enjoy the usage of light, TV and the like. Children can study at night. 
Rural clinics could store medicines and vaccines by using refrigerators and 
then provide better health care (United Nations 2006, 104). Access to 
electricity makes the usage of electrical equipment for health-care possible 
(United Nations 2006, 104). Moreover, access to electricity is helpful for the 
use of electric cooking appliance. Hence, women and children do not need to 
collect firewood used for cooking (United Nations 2006, 104). In addition, the 
implementation of PV projects could create certain employment opportunities 
in local areas, which could bring economic benefits to local households. 
However, system maintenance is a big issue. Training of system maintenance 
for local people is quite basic and simple. Skilled people are required when a 
system has a big problem, but it is time-consuming for maintenance people to 
get to these areas due to the long distances involved. Therefore, training needs 
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4.2 Feasibility of hybrid SAPS system in Gansu province 
4.2.1 Overview of Gansu province 
 
Source: http://www.itourschina.com/ChinaMap/gansu/ 
Figure 26: Location of Gansu province 
 
Source: http://www.itourschina.com/ChinaMap/gansu/ 
Figure 27: Main cities in Gansu province 
PEC624 Master of Science in Renewable Energy Dissertation                          Daixi Song 
Evaluating the Feasibility of Hybrid SAPS Systems Extensively Applied in Off-grid Areas of China 
53 
As indicated in Figure 26, Gansu province is located in the north-west of 
China. It borders Inner Mongolia and Mongolia to the north, Ningxia province 
to the northeast, Sichuan to the south and Qinghai and Xinjiang to the west 
(Gansu Government Website 2013). Gansu has a 25.64 million population and 
there have been multi-nationalities in this province since ancient times (Gansu 
Government Website 2013). The area of Gansu province is 0.45 million km
2
 









and Xu 2013, 74). Gansu is a less developed province than other eastern 
provinces although GDP increased ten percent every year in the period 
between 2003 and 2010 (Wu and Xu 2013, 74). The ecological environment is 
significantly poor. Water resources in Gansu are quite scarce. Water resources 
share per capita is only 1150 m
3
 which is less than half of the national average 
level (Wu and Xu 2013, 74). Furthermore, the problem of soil erosion and low 
forest coverage is quite serious. Gansu is facing very severe soil salinization 
(Wu and Xu 2013, 74).  
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Source: W. Yunna, X. Ruhang / Renewable and Sustainable Energy Reviews 18 (2013) 73–86 
Figure 28: GDP increase rate in Gansu 
Table 8: Energy Consumption details in Gansu over 2005-2009 
 
Source: W. Yunna, X. Ruhang / Renewable and Sustainable Energy Reviews 18 (2013) 73–86 
Table 9: Energy consumption of various sectors in Gansu in 2009 
 
Source: W. Yunna, X. Ruhang / Renewable and Sustainable Energy Reviews 18 (2013) 73–86 
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Figure 28 shows the situation and increase rate of GDP. In early years of 
China, the national government decided to utilize western resources to support 
national construction (Wu and Xu 2013, 74). In this case, the industrialization 
develops rapidly with enormous investment from national government. 
Specifically, the economic growth rate was 148%, 222% and 330% during the 
period of 1969-1979, 1979-1989 and 1989-1999 respectively (Wu and Xu 
2013, 74). This is attributed to the development of heavy industries such as oil, 
non-ferrous metal and chemical activities.  
 
As indicated in Table 8 and Table 9, energy consumption has increased 
gradually since 2005. Energy consumption for heavy industry takes up a high 
proportion and due to the rapid development of heavy industry; the problem 
of pollution emission has become more and more serious, especially in the 
capital area of Gansu province. In this case, utilizing renewable energy is 
increasingly important to solve the environment problems and change the 
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4.2.2 Solar resource in Gansu province  
 
Source: CMA wind and solar energy resources center 




Source: CMA wind and solar energy resources center 
Figure 30: Annual average sunlight hours between 1987 and 2007 
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Table 10: Sunlight hours in cities of Gansu 
 
Source: Renewable energy based Chinese un-electrified region electrification 
Figure 32 indicates total annual solar radiation between 1987 and 2007 in the 
unit of kWh/m
2
. It can be seen that total annual solar radiation in Gansu 
province increases from the east part to the west part. Solar radiation in South 
Gansu is only about 1000kWh/m
2
, while solar radiation in south-west and 
western part of Gansu is more than 1900kWh/m
2
. The intensity of solar 
radiation is in relation to the sunlight hours. Figure 33 indicates the total 
sunlight hours per year between 1987 and 2007. Specific sunlight hours in 
cities of Gansu are shown in Table 10. It is obvious that south Gansu has the 
least sunlight hours which are approximately 1500 hours per year. Sunlight 
hours in North Gansu are more than 3300 hours. This infers that the north part 
of Gansu has huge potential to develop large solar projects.  
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4.2.3 Development of PV projects in Gansu province 
Gansu started the solar energy research in relatively early time. With regard to 
solar energy application, Gansu accumulates experience and technologies. 
However, the development of the solar industry is significantly slow because 
Gansu lacks innovative technology therefore the improvement of solar 
technology is quite slow. Application of certain solar technology and solar 
industrialization develops slowly (Economic information Network in Gansu 
2011). In 2006, the provincial government set up the International Solar 
Energy Center for Technology Promotion and Transfer of United Nations 
Industrial Development Organization (UNIDO) (Wu and Xu 2013, 80). This 
centre is used to provide relevant technology and support for the development 
of solar industry. From that, the Wuwei solar power plant was put into 
operation in 2008. It has a total capacity of 500kW, which is the first 
grid-connected solar power plant in the desert in China (Wu and Xu 2013, 74). 
Three years ago, a 10MW solar power station was operating in Dunhuang 
with the tariff of ¥1.09/kWh. It is the first concession grid-connected PV 
power station in China (Wu and Xu 2013, 74). Based on above statements, 
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4.2.4 Statistics of off-grid villages and households in Gansu 
Table 11: Statistics of villages and households without electricity in Gansu 
 
Source: Renewable energy based Chinese Un-electrified region electrification 
  
Figure 31: Proportion of villages without electricity 
Until 2012, there were still eighty-eight thousand people who did not have 
access to electricity (China Power News Network 2013). Those people are 
mainly located in the villages of Qingyang, Gannan and so forth. Table 11 
shows the specific number of villages and households without electricity. 
There are 161 villages which is equivalent to 6000 households without 
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electricity. It is evident that Qingyang has the most villages and households 
without access to electricity in Gansu, which accounts for 20% of total 
villages without electricity as indicated in Figure 31. It is followed by Gannan, 
which has 29 villages without electricity. This makes up 18% of total villages 
which have no access to electricity. Subei and Sunan have the least of the 
villages without electricity, which occupies 6% of total villages without 
electricity.  
 
4.2.5 Electricity demand  
Table 12: Estimation about electricity demand in non-electrified households 
 
It is hard to evaluate the exact electricity demand due to larger numbers of 
households without electricity, but it is possible to estimate the probable 
minimum and maximum load for each household. Table 12 indicates the 
possible minimum and maximum electricity load in each household. It 
assumes that the minimum load is generated by light and the maximum load is 
produced through various household appliances working together. According 
to the assumption, minimum loads and maximum loads are 0.18kWh and 
2.66kWh respectively.  
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4.2.6 Feasibility evaluation 
Based on the calculation provided in Appendix B, only one 64Wp PV module 
is required to meet the minimum load and eighteen pieces of 64Wp PV 
modules are needed to satisfy the maximum load in each household. Moreover, 
one 12V battery and 1kW diesel generator are required for the system. It is 
worth to mentioning that the calculation is based on the average solar resource 
data. Hence, some areas with quite low sunlight hours and solar radiation may 
need more PV modules and diesel generators as backup; especially those areas 
that have relatively serious natural conditions. In terms of environmental 
feasibility, a sandstorm is quite serious in Gansu and the occurrence of 
sandstorms is up to three month per year (Gansu Government Website 2013). 
Serious sandstorms could influence the efficiency of PV modules due to thick 
coverage of sand on PV modules. Moreover, rainstorm, hail and frost happen 
occasionally. Hence, running diesel generators tends to be a wise option 
during extreme events.  
 
In terms of the economic feasibility of hybrid SAPS systems, the Gansu 
government will invest 54 million to solve the electricity problem in 
non-electrified households (Gansu Government Website 2013). Moreover, the 
provincial government has enacted relevant policies to support the companies 
with advanced technology and abundant capital to develop the hybrid SAPS 
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systems to be installed in rural households. From the standpoint of social 
benefits, besides all the benefits brought by hybrid SAPS systems in Qinghai, 
access to electricity is helpful for agriculture purposes in Gansu. For example, 
water pumping and crop processing is possible through access to electricity, 
which could increase the crop yields (United Nations 2006, 104). Electricity 
for water pumping for domestic usage could improve the water quantity and 
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4.3 Feasibility of hybrid SAPS system in Xinjiang province 
4.3.1 Overview of Xinjiang province 
 
Source: http://www.globalresearch.ca/china-xinjiang-crisis-deepens/14292 
Figure 32: Location of Xinjiang in China 
 
Source: http://atimes.com/atimes/Others/xinjiang.html 
Figure 33: Map of Xinjiang 
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As Figure 32 indicates, Xinjiang is located in the northwestern part of China. 
It is also located in the central continents of the Eurasian land mass (Tang, Lv 
and He 2013, 94). It has an area of 1.6 million km
2
, which is roughly on sixth 
of China’s territory (Ma et al. 2013, 37). Xinjiang is split by Tianshan 
Mountain, which divides Xinjiang into two basins: the Tarim Basin in the 
south and the Dzungarian Basin in the north (Ma et al. 2013, 37). It had an 
approximate population of 22 million in 2011 and most of the people are 
Uygur. Xinjiang is one of the regions in China which has abundant energy 
resources. It possesses high quality oil, coal, natural gas and other 
underground energy resources which have economic and geographical 
advantages (Zhao and Gao 2011. 360). The estimated coal reserve in Xinjiang 
takes up about 40% in China (Zhao and Gao 2011. 360). The abundant fossil 
fuel resource makes Xinjiang the region where development is highly 
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Figure 34: Total annual solar radiation between 1999 and 2011 
 
Table 13: The amount of solar resource and distribution in Xinjiang 
 
Source: Renewable energy based Chinese un-electrified region electrification 
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Source: CMA wind and solar energy resources center 
Figure 35: Average annual sunlight hours between 1987 and 2007 
Figure 34 indicates the total annual solar radiation in Xinjiang province. It can 





. The specific amount of solar resource and distribution in each 
city is shown in Table 13. Areas with abundant solar resources are distributed 
along south-east Xinjiang. Solar resource in northwest Xinjiang is less 
abundant. That circumstance is in relation to the sunlight hours. As indicated 
in Figure 35, the sunlight hours range from 2500 hours to 3300 hours. That is 
the reason why solar resource in northwestern Xinjiang is far less than that in 
southeastern Xinjiang.  
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4.3.3 Development of PV projects 




Figure 36: Situation of PV production, installation and exportation 
After more than ten years’ development, the PV industry has formed scale and 
foundation in Xinjiang, especially for PV manufacturing and application. At 
the end of 2010, the revenue from the PV industry achieved 0.52 billion 
dollars and year-on-year rise has exceeded 100% (Xinjiang Investment 
Network 2012). The research of PV technology improves constantly. Xinjiang 
has accumulated abundant experience in manufacturing of polycrystalline 
silicon and silicon wafers, design, construction, operation and maintenance of 
PV power stations (20MW~500MW). As indicated in Table 14 and Figure 36, 
the capacity of PV production and exportation increased gradually before 
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installation is significantly slow. It can be concluded that most of the PV 
equipment is used for exportation rather than domestic consumption.  
 
4.1.4 Statistics of off-grid villages and households 
Table 15: Specific numbers of some non-electrified villages and households in 
Xinjiang 
 
Source: Renewable energy based Chinese Un-electrified region electrification 
Currently, there were 0.21 million villages with around 0.87 million people 
without access to electricity until 2013 (XJBS 2013). These people are widely 
distributed in different cities of Xinjiang. Table 15 shows some major cities 
with non-electrified villages and households. It can be seen that villages and 
households without electricity are mainly distributed in Kashi, Hetian and Yili 
(Shi, Du and Ren 2009, 36). The numbers of households without electricity 
are 72,735, 32,335, and 20,129 in Kashi, Hetian and Yili respectively. In this 
case, the electricity problem will be solved if the non-electrified problem is 
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4.1.5 Electricity Demand 
Table 16: Estimation of electricity demand in Xinjiang 
 
The electricity demand estimation uses the same method as that in Qinghai 
and Gansu. The economic development in Xinjiang is better than Gansu and 
Qinghai. Some households can afford appliances with relative larger energy 
consumption such as air conditioners, larger-inch TV and so forth because 
either the owner of the house can afford more or their sons and daughters 
working outside the village purchase for them. The reason why these 
households have no access to electricity is due to the difficulty of the grid 
extension, even though they can afford various household appliances. Table 
16 indicates the estimation of electricity demand. It still assumes the possible 
minimum and maximum electricity demand in each household. Based on the 
information provided, the minimum loads and maximum loads are 0.21kWh 
and 4.48kWh. The minimum loads assume only lights available and 
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4.1.6 Feasibility evaluation 
According to the calculation outcome provided in Appendix B, thirty-two 
64Wp PV modules are required for maximum load and one 64 Wp PV module 
is needed to meet the minimum load. One 24V battery bank and one 2kW 
diesel generator are also required for the system. The operation of diesel 
generators is required during extreme weather such as snow and ice. Technical 
feasibility is a small part of the feasibility evaluation. Electricity load can be 
easily satisfied with prudent system design and abundant solar resource. 
However, the most significant is the economic, environmental and social 
feasibility before and after system installation.  
 
In terms of economic feasibility, 0.6 billion and 0.3 billion dollars are invested 
by the Xinjiang government and the Xinjiang Electric Power Company to 
solve the electricity problem in rural households by the end of 2014 (Chinese 
News Network 2013). Hence, hybrid SAPS systems are economically feasible 
in Xinjiang. In respect to the environment, installation of hybrid SAPS 
systems can change the industry structure relying on fossil fuels and therefore 
reduce greenhouse gas emissions.  
 
In terms of the weather in Xinjiang, southern Xinjiang has much more suitable 
weather for PV modules because this area has more abundant solar resource 
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and sunlight hours. However, northern Xinjiang is significantly hot in summer 
and cold in winter. Thick snow coverage can remain for one month. The depth 
of snow can reach 94 cm (CMA 2010). PV modules need frequent 
maintenance during this weather. In terms of social benefits, villages and 
households could utilize various household appliances. Xinjiang abounds in 
dried fruits such as dried dates and dried grapes. A solar dryer can be utilized 
in households in order to keep the fruit clean. The products can be sold at the 
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5. Discussion on feasibility evaluation 
5.1 Characteristics of the system installation in three provinces 
Firstly, the analysis shows that it is technically feasible to install hybrid SAPS 
systems in three provinces. Some regions do not require the installation of 
diesel generators because the SAPS system is adequate to meet the local load, 
while other regions need diesel generators to be operated at night or in 
extreme weather like constant sandstorms and snow coverage. Secondly, it is 
economically feasible to install hybrid SAPS systems in three provinces 
because the national government, provincial government and State Grid 
Corporation of China (SGCC) invest significant amounts of money to support 
the solution of electricity problem in rural households.  
 
It is worth mentioning that villages and households without electricity are all 
located in complicated geographical regions in three provinces, which create 
the opportunities of installing hybrid SAPS system in those areas. However, it 
also brings difficulties in the extension of the grid and inconvenience for 
maintenance people coming to those households. It is important to improve 
the training of education for locals. Finally, after installation of the system, 
living’ standards and quality can be raised in rural areas.  
 
PEC624 Master of Science in Renewable Energy Dissertation                          Daixi Song 
Evaluating the Feasibility of Hybrid SAPS Systems Extensively Applied in Off-grid Areas of China 
73 
5.2 Differences of the system installation in three provinces 
In terms of literacy rate, Qinghai and Gansu have relatively high illiterate 
numbers which are 8.69% and 10.23% respectively (China Statistical 
Yearbook 2012, 102). It is worth mentioning that the illiterate population is 
mainly distributed in rural regions. In this case, Qinghai and Gansu tend to 
have a barrier because people do not know how to operate and maintain the 
systems after installation, especially when complicated problems are 
encountered.  
 
Moreover, extreme weather like blowing dust, sandstorms and constant 
coverage of snow could appear in Qinghai, Gansu and Xinjiang respectively. 
PV modules need to be maintained carefully during extreme weather. In terms 
of PV industry development, Xinjiang and Gansu have significant experience 
in the development of PV modules. In this case, these two provinces can 
provide relevant experience and technologies for Qinghai province in order to 
accelerate the development of the PV industry in Qinghai.  
 
5.3 Methodology and data limitation 
The data collected for this research is tightly restricted by desk-top research 
especially for the evaluation of electricity demand. Therefore, electricity 
demand has to be estimated by assuming the possible minimum load and 
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maximum load in each household. It seems that there is no necessity to install 
diesel generators because both the estimated minimum and maximum 
electricity demand do not require a diesel generator as back up. However, a 
diesel generator is still required at night, extreme weather and during periods 
with poor solar availability. Due to the very large number of households and 
villages, it is impossible to evaluate accurately the exact electricity demand 
and solar resource. However, this research provides an opportunity for the 
people who want to do further research about particular villages or households. 
Moreover, this research provides valuable information and background for 
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6. Conclusion 
The feasibility evaluation of hybrid SAPS systems in off-grid areas is based 
on feasibility of sustainability. The satisfaction of electricity demand by 
hybrid SAPS systems is the main standard of technical feasibility. The other 
three aspects of sustainability include environmental feasibility, economic 
feasibility and social feasibility. Based on the above evaluation, the findings 
of this research are: 
 In terms of technical feasibility, a hybrid SAPS system is suitable and 
feasible for three provinces. PV modules are adequate to supply the power 
during good and clear weather. Diesel generators are required to operate 
few hours at night and during extreme events such as constant sandstorm 
and snow weather. 
 In terms of economic feasibility, a hybrid SAPS system can be installed 
without economic barriers. Both national and provincial governments 
invest adequate money to solve the electricity problem in rural villages 
and households in three provinces. Moreover, the electric power company 
in each province also invest money to provide a solution for the electricity 
problem. 
 In terms of environmental feasibility, the post-installation of hybrid SAPS 
systems can reduce greenhouse gases emissions which previously 
generated through firewood burning and kerosene lamp. It can also 
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change the industrial structure in each province. However, extreme 
weather like blowing dust, sandstorms and snow coverage in certain 
months could cause difficulties in maintenance for PV modules. Diesel 
generators are essential in these periods.  
 In terms of social feasibility, the post-installation of a hybrid SAPS 
system provides an opportunity for local people to run their own 
businesses. Children can study at night with access to electricity generated 
by the hybrid SAPS system. Medicines and vaccines can be stored in 
refrigerators at clinics. Electrical devices for health care are available 
through the access to electricity. Water pumping can be used for 
increasing crop yields and domestic water usage. Simple cooking 
equipment can be used in rural households. It is not necessary for women 
and children to collect firewood and water far from villages. A solar dryer 
can be used for keeping dried fruits clean. However, local people may not 
be reliable in maintaining the equipment and fixing complicated problems. 
Improvement of training for local people is dramatically necessary.  
In conclusion, the installation of a hybrid SAPS system is generally feasible 
based on the above summary. The importance of this evaluation is that, firstly, 
technical feasibility is not the only aspect which needs to be considered. 
Sustainability evaluation is the most significant point in the research. 
Secondly, this research provides background information of these areas and 
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considerable valuable data about solar resources, and number of off-grid 
households. It is beneficial for people who want to conduct further research 
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The PV and battery data used for technical feasibility evaluation 
 
 
Source: Podcast lecture of Energy System (PEC590, 2012) 
Figure 37: The PV and battery data 
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Appendix B 
Calculation process of technical feasibility evaluation 
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